INTRODUCTION
It is now well established that a subpopulation of lymphocytes can function as suppressor cells in the regulation of the immune response (1) . A wide variety of model systems in rodents have been used to describe the properties of such cells. It has been shown that suppressor cells may be induced by any of several immunological stimuli, including specific antigens (2) (3) (4) (5) , nonspecific mitogens (6-9), graft-versus-host disease (10, 11) , mixed lymphocyte reaction (12) , carrier priming of T cells (13) , and chronic allotype suppression (14) . Spontaneous in vitro induction of suppressor cells has also been described (15) .
Despite numerous animal models, description of suppressor cells in the human is limited. Abnormally increased suppression has been observed in patients with common variable hypogammaglobulinemia (16) , multiple myeloma (17) , and some patients with fungal infections (18) ; while in normal individuals suppressor cells have been described in the spleen (19) . In the present report suppressor cell activity has been studied in human peripheral blood mononuclear cells (PBMC)' with a technique based on the observation that murine suppressor T cells are relatively short-lived in vitro (6) . Thus, Dutton observed that the addition of Concanavalin A (Con A) to mouse spleen cells responding to sheep erythrocytes at the initiation of culture led to a suppression of their antibody response, but when the cultures were incubated for 24 h before addition of Con A an enhanced response ensued. This was interpreted as indicating a depletion of suppressor cells during the 'Abbreviations used in this paper: Con A, concanavalin incubationi period. The application of tlhis observation to normal htuman PBMC led uIs to the observation that 24-h incubation before the addition of suboptimal concentrations of Con A to cultuLres resulted in an enhanced cellular proliferative response and an increase in the amount of newly synthesized protein secreted by the cells. The possibility that this enhancement was dtue to the loss of a population of suppressor cells during the incubation period was examined and the restults indicated that the enhalnced response couild be inhibited by the addition of PBMC previously activated with Con A. In additioni, it was shown that the enhanced response was not obtained when PBMC from patients with active, untreated systemic lutpuis erythematostus (SLE) were incubated for 24 h before stimtulation, suggesting the possibility that these patients lacked circulating short-lived stuppressor cells.
METHODS
Subjects. 20 healthy adults aged between 18 and 42 yr were used as donors of normal lymphocytes. Most of these subjects were studied on several occasions. Nine patients with active SLE not receiving either corticosteroids or immunosuppresive drugs were studied. All satisfied the preliminary criteria of the American Rheumatism Association for the diagnosis of SLE (20) . Serum antibodies to native DNA were measured with a millipore filter assay (21) and total hemolytic complement was determined by the method of Nelson et al (22) . Seven of the SLE patients were reinvestigated [5] [6] [7] [8] [9] [10] [11] mo later when treatnment with corticosteroids had led to clinical improvement. A group of six patients aged 18-35 yr with acute bacterial infections was also studied within 48 h of their hospital admission. All had previously been well and were febrile at the time of study. Four of these patients had pneumonia, one had endocarditis, and one had a urinary tract infection with septicemia. A further group of 5 patients receiving corticosteroid therapy for at least 2 wk for illnesses other than the rheumatic or connective tissue diseases were investigated. Two of these patients had asthma, two had pustular acne, and one had allergic dermatitis. Their ages ranged between 22 and 42 yr and they were receiving between 15 and 40 mg prednisone daily.
Culture conditions. Venous blood was obtained in a syringe containing preservative-free heparin (10 U/ml blood) and diluted in an equal volume of sterile 0.9N NaCl. 20-ml portions were carefully layered onto 10 ml of Ficoll-Hypaque (23) Comparison of Cotn A, PHA, and PWM. In fouir experiments the effects of two other mitogens, PHA, and PWM, were compared to that of Con A. Suboptimal or optimal concentrations were added to cultures at 0 or after 24-h incubation. The mean submaximal responses to stimulation with Con A, 1 ,tg/ml, PHA, 1 ,ug/ml, or PWM, 5 gg/ml, added at 0 h were approximately of the same order. Fig. 2 indicates that when a suboptimial concentration of mitogen was added to cultures after 24-h incubation the mean response to PHA, 1 ug/ml, was substantially increased over the response to stimulation at 0 h (A24/AO = 2.6+0.9 for DNA synthesis; 3.1±1.0 for secreted protein). In contrast, the nmean response to PWM, 5 ,ug/ml, added at 24 h showed little increase (A24/AO = 1.7+0.6 for DNA synthesis; 1.5+0.2 for secreted protein).
Effect of antigen and mixed lymphocyte culture. Four experiments were performed to examine whether stimulation with SK-SD after 24-h inctubation led to increased [3H]TdR incorporation relative to that after stimulation at 0 h. Various concentrations of antigen were used, ranging from 100 to 5 U/ml. The response to stimulation with SK-SD, at three different concentrations added after 24-h inctubation did not exceed the response to stimulation at 0 h. Three frirther experiments examined the effect of mixing PBMC from two unrelated donors after incubating the cells for 24 h.
Whether cells were mixed at 0, or after 24-h incubation, the response was similar.
Time dependency of enthatnced response to Cont A. Fig. 3 demonstrates the time required for the acquisition of increased responsiveness to Con A, 1 ,ug/ml. When Con A was added to the cultures at 2 and 6 h a progressive increase in responsiveness was noted. When Con A was added at 18 h the increased responisiveness was equial to that observed at 24 h. Absence of soluble enhancing factor.s. Experiments were performed to examine whether the increased response to suboptimal concentrations of Con A added at 24 h might be due to the liberation of enhancing factors into the culture medium during the first 24 h of incubation. Medium from unstimulated 24-h ctultures was removed after centrifugation and the cells washed in RPMI 1640. They were then resuspended in fresh medium and Con A, 1 ,tg/ml, added. The enhanced responsiveness of cells after 24-h incubation, as measured by [3H]TdR incorporation, was not decreased by removing the culture medium and resuspending the cells in fresh medium (Table III) . Furthermore, the response to Con A of fresh autologous cells incubated in the supernate obtained from 24-h cultuLred previously activated cells restulted in significan-t suippression of the response observed in similar cutltulres to which nonactivated cells had been added (Table V) . The results are expressed as percentage stuppression of the enhanced response to stimulation after 24-h incubation. In five of these experiments (nos. 2-6) the increased response to Con A, 1 ,ug/ml, was stuppressed; in experiments 1 and 7, suppression of the increased response to Con A, 0.5 jug/ml and Con A, 5.0 ,ug/ml, respectively, was demonst-ated. Suppression Enhanced responsiveness of PBMC from patients with systemic lupus erythematosus after 24-h incubation. Since the increased responsiveness observed when PBMC were incubated for 24 h could be due to the loss of suppressor lymphocytes, it was decided to investigate the responsiveness of PBMC from patients with SLE. Suboptimal concentrations of Con A were added after 24-h incubation to determine, in this way, whether suppressor lymphocytes were present. Table VI describes the most prominent clinical features of the SLE patients during phases of disease activity. All patients had active disease and were hospitalized. Only two were receiving nonsteroidal anti-inflammatory therapy at the time of study. One patient (R. S.) had previously received corticosteroids as the diagnosis of SLE had been made 6 mo previously at another hospital. Prednisone 10 mg on alternate days had been prescribed, which the patient had discontinued 1 wk before her admission. None of the other patients were receiving immunosuppressive therapy. PBMC from these patients with active, untreated SLE when stimulated at 0 h demonstrated maximal responses to Con A, 5-15 jig/ml, which were not significantly different from normal. However, at a suboptimal concentration (1 ,ug/ml) the responses were significantly decreased when secreted protein was measured (P < 0.05), though not when DNA synthesis was measured. This supports the observation of Malave et al. (27) , who described decreased responses of PBMC from SLE patients to suboptimal concentrations of PHA. In contrast to the finding in normal subjects, when the effect of incubation before stimulation of SLE mononuclear cells was examined, either at optimal or suboptimal concentrations, there was little or no increase in the response. Fig. 4 demonstrates that at suboptimal concentrations the mean increase in the rate of [3H]TdR incorporation after stimulation at 24 h (A241A0), was 1.2±0.2 in active SLE. This was significantly lower than the normal ratio of 3.0 (P < 0.005). When 14C-amino acid incorporation into newly synthesized secreted protein was measured, PBMC from active un- treated SLE patients again demonstrated a relative inability to acquire an increased responsiveness to Con A, 1 jig/ml, added after 24-h incubation (Fig. 5) .
The ratio A24/A0 of 1.7+0.3 was significantly less than the normal ratio of 4.4 (P < 0.02). Similarly, at higher concentrations of Con A, PBMC from the SLE patients did not demonstrate increased responsiveness when stimulated after 24-h incubation. It is of interest that PBMC from four out of six patients with acute bacterial infections failed to demonstrate the acquisition of increased responsiveness to Con A, 1 ,ug/ml, added after 24-h incubation. However, the base-line values of [3H]TdR incorporation were substantially higher than in normals and SLE patients. Moreover, the increased rate of proliferation of the unstimulated cells from these acutely ill patients may have compromised their capacity to demonstrate an increased responsiveness. However, when '4C-amino acid incorporation into newly synthesized secreted protein was measured, the base-line values in the control patients with infections were identical to the base-line values observed in the normal subjects and 112 B. Bresnihlan and H. E. Jasitn SLE patients. In contrast to the findings on measurement of DNA synthesis cells from these patients consistently demonstrated their ability to acquire increased responsiveness in culture, the average A24/A0 being 6.8+2.5. This was significantly higher than the value observed in SLE patients (P < 0.02). Effect of removal of antilymphocyte antibodies. In experiments with three SLE patients, unstimulated cultures were washed at 37°C after 24-h incubation and the supernates discarded to remove antilymphocyte antibodies (28) . This procedure did not lead to any increase in responsiveness.
The responsiveness of PBMC from SLE patients receiving corticosteroid therapy. Seven of the nine SLE patients were reinvestigated 5-11 mo after commencing corticosteroid therapy. In addition, one patient with glomerulonephritis received cyclophosphamide and another received azathioprine (Table VI) . All patients had improved clinically although in only two had there been a complete return to normal of both anti-DNA titer and serum complement level. The response to Con A, 1 ,utg/ml, added at 0 h to PBMC from 161 these treated patients was not increased. This is consistent with the fact that some degree of disease activity persisted. Again, normal responsiveness was observed with optimal concentrations of Con A. Important, however, was the observation that there was a striking increase in the capacity of PBMC from these patients to acquire an increased responsiveness during 24-h incubation similar to that of normal individuals and corticosteroid treated control patients with nonrheumatic diseases. Fig. 6 demonstrates increased A24/AO ratios for Con A, 1 u.g/ml, in six of the seven patients. Thus, after treatment, despite the unchanged diminished response to Con A, 1 ,ug/ml, added at 0 h, the response to 24-h stimulation was significantly greater (P < 0.02 for [3H]TdR incorporation; P < 0.005 for 14 C-amino acid incorporation).
DISCUSSION
Many rodent experimental models have been described characterizing a subpopulation of lymphocytes which function as suppressors of other potentially reactive cells. However, in the human the role of suppressor cells in regulating the normal immune response has yet to be established. In three diseases it has been suggested that an abnormal increase of suppressor function plays a pathogenic role. Purified peripheral blood T lymphocytes from patients with common variable hypogammaglobulinemia suppressed the response of normal B lymphocytes to PWM (16) . Similarly, peripheral blood mononuclear cells from patients with multiple myeloma suppressed polyclonal immunoglobulin synthesis of normal lymphocytes (17) . Finally, when circulating lymphocytes from some patients with disseminated fungal infections were Cells from normal subjects (0), control patients (0) and patients with active untreated SLE (A) were stimulated with Con A at 0 or at 24 h. The increased responsiveness acquired after 24-h incubation is expressed as the ratio A24/A0. Con A, 1 ,ug/ml, led to a mean ratio of 4.4+0.5 for normal subjects. For SLE patients the ratio was significantly lower at 1.7+0.3 (P < 0.02). All six patients with acute infections acquired an increased response to Con A, 1 ,ug/ml, after 24 h in culture, as indicated by the mean ratio of 6.8±2. 5. allowed to remain in culture for a 7-day period they acquired increased responsiveness to mitogen and antigen stimulation, suggesting that a cell with suppressor function had been eliminated during the period (18) who found little increase in the reactivity of normal lymphocytes ctultuired for 3 or 4 clays before stimtilation. However, the data described by these auithors relate only to optimal concenitrationis of mitogen. It is possible that despite the activity of suippressor cells in vitro, a maximal, or near maximal response is achieved when fresh lymphocytes are stimulated with optimal concentrations of Con A or PHA, and that the restraining influence of' sippressor cells becomes clearly evident only with suboptimal concentrations.
If the ability to acqtiire increased responsiveness to suiboptimal concentrations of Con A after 24-h incubation is an indication that there is a subpopuilation of mononuclear cells in peripheral blood which suppress other potentially reactive cells, then it should be possible to study this phenomenon in disease states where a lack of suppressor function may exist. In SLE there is a marked rise in total immunoglobulin synthesis, as well as the appearance of antibodies directed against a variety of self-antigens, particularly nuiclear antigens (31) . This apparent increased B-cell activity is compatible with a loss of normal reguilation. Similar abnormalities have been observed in the New Zealand Black/White hybrid mouise in whiclh the femiales develop with age a disease associated with appearance of antinticlear antibodies and renal lesions identical to lupus nephritis (32) . The disease in these mice further resembles SLE in that they also develop impaired T-lymphocyte function. Of particular importance in regard to the present discussion is the observation that while spleen cells from NZB/W female mice under 2 mo of age can suppress the thymus dependent graftversus-host reaction, the ability to suppress is lost as the mice age (33) . Thus, in this animal model of human SLE convincing evidence has accumulated to suggest that defective cellular immunity includes the loss of regulatory suppressor cells and contributes to the development of autoimmune disease.
The data presented here demonstrate that mono- 
